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^«kr*ct 

Hadio observation! of the planets are providinK much valuable inforMation 
about thasu remota envlroroaents. Most of these objiicta are black bodtei enit’* 
ting tharnal radiation which appears brighter at short wavelengths but we gen- 
erally wish to Investigate the effects of atmospheric absorption and subsur- 
face heat condition on them which requires observations using a wide variety 
of istronomical tecbnlques over a large range of wavelengths* Most perameters 
change only slowly with wavelength so that continuum radlometry at aelected 
wavelengths Is sufficient In most cases. 

Many of the planetary signals are weak and it is very Important to accu- 
rately separate their emission from that of the background sky and nearby 
confusing sources. 'Ihla involves continuous comparison with the nearby back- 
ground by various switching, on-off, and scanning techniques plus reobserva- 
tion of the same spot in the sky after the planet has moved away. Often, over 
2/3 of the time required for an observation is actually Spent on comparison 
rather than looking at the actual target planet. Recently, aperture synthesis 
observations using interferometers have provided very high resolution pictures 
of some of the planets and removed many of the background problems. 

Aiothor important concern is calibration of the results so we can have 
accurate values of the absolute temperatures of hose bodies. This requires 
measurement of the antenna parameters and also the effects of the earth's 
atmosphere upon the incoming signals. With careful evaluation it is possible 
to obtain an absolute accuracy of better than 7% at all wavelengths and 
relative values are known to a few percent. 

The planets themselves can be divided into three natural categories: t) 

those which are essentially all atmosphere, namely the giant gasous Jovian 
planets; 2) those without atmospheres, including the moon, Mercury, most sat- 
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tUiete, and eha aaCtfoldi; and 3) ehoai lor tdiich both torlaoa and ae»oapiiar 
it ilfaeea art ii^ortant» aueh at Vanoa. bi 6ha lirat caatt by maauring ib 
aavaral wawalanfeha acroaa tha apactral ^and of naaonta idiieh acea aa Cha «a- 
Jor opacley aourea in tha atinoapharaa of eha fianc planata, m ara abia to ac 
curataiy datarmina lea abundance and alao Maaaura the caaiparaCura diaertbu** 
ciona in the low acmoapheraa below the wiaibla cloud layara* the acmoaphera- 
leaa bodiaa are in equlllbrlur^i with incoming solar radiation and by measurc<- 
menta at different phase.- in their diurnal cycles we can establlih the heat 
flow and radiative properties of their subsurface layers* these ate related 
to the physical properties of thermal Inertia and dielectric constant* For 
the terrestrial planets with both solid surfaces and atmospheres, a complete 
analysis of the transfer of radiation through both the surface materials and 
the atmosphero above can provide knowledge about both regions* By using a 

•V, 

large range of wavelengths we can choose some spectral regions where the at- 
mospheric opacity It complete and others where we see down to the solid sur- 
face. Finally interferometric observations of the synchrotron emission from 
Jupiter’s radiation belts has given us a wealth of detailed information about 
the planets’ magnetic field and energetic particle environment. 

Wjservatlons in the near furore will Include more high resolution aper- 
ture synthesis to see individual features on many bodies and also radiometry 
jn a larger sample of the smaller bodies. 
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t. XnerodiielloQ 

Althougli ehf UM of iptet v*htcl*i has now allowtd us to dirsctly samplt 
soma planttsry •nvi?omMintit thore is still s grist nssd for roraott ssnaing 
from the Berth for two wajor rsasom. (t) Spsoo sxplorstion» psrticularly 
below Che surf set or underneath cloud layers, has been liisited to only a very 
few plnnetTi and we need a broader sample of the full range of objects If we 
am to understand how these various bodies iclt Into a consistent distribution 
and t‘voluCionary pattern for the solar system, (2) We often wish to know how 
a particular planet will behave under changing conditions of solar illuraine- 
cion including diurnal effects, seaons, the sunspot cycle, etc. This requires 
a proi(ram of regular monitoring which is currently Impractical with .i limited 
number of space probes. 

At radio wavelengths reflected solar radiation is negligible and most 
bodltis In She solar system are simple thermal emitters, radiating in propor- 
tion to their temperatures according to the Planck law: 


^ _ 2hv^ 1 
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where Is the Intensity of the radiation at a given frequency v, h is 
Planck's constant, c is cur:- speed of light, k is fSoltaman's constant, and T is 
the absolute temperature. The measured flux density, generally expressed 
in MKS units of watts m"2 is then given by the expression 
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where Si is the solid angle in the sky subtended by the body. If the size is 
known, it is possible from these relations to determine the brightness temper 
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iiCurft of a ptantc. liit black-body oaitilon io conclnuoua, buc ioim moltculat 
with micr(M«vs irrAniittlon)i h«v« boon foood lo tYm ikiwaphtref of mhwi planata 
and a limlfcod amount of apoctrotcopy baa boan ptrforaitd on thorn to ditermlnc 
ch« compoiitlon and atcoctote of tha atmoaphorot. 

Ihe only I’xamplea of non-theriwl radio tmlffton in tha aola? tyatoii (aa- 
cludlng the &in) are found for Jupiter (ate the ruwiew in reteron^a 1), and to 
a much leaser extent Saturn, which have largo magnetoapheroa containing trap- 
ped relativistic electrons. Ihcso produce synchrotron radiation and also 
interact with the Ionosphere or upper atmosphere of the planata in a manner 
which is still not fully understood to produce bursts of low frequency emis- 
sion. ik‘causp most objects are black-bodies, we shall emphasise continuum 
radiometry hit also give sosiU discussion of spectroscopic techniques and the 
measurcmonC of non-thermal. emission, 

II. Observing Proceduriis 

Historically most planetary ohservatians have been made with single 
parabolic-reflector antennas. 111080 have angular pov«r response patterns la 
the sky which are complex Bessel functions but can generally be quite well 
represented by Gaussian distributions. For a circular aperture, the half- 
power beamwidth, HPBW, can be well approximated by 

IIPBW ^ l.a ,\/D (radians) (3) 

where X ts the wavelength and 1) is the diameter of the telescope. 'Ihe exact 
value of the constant depends upon the detailed illumination of the reflector 

^Berge, G. h. and Gulkis, S, 1976, in Jupiter, ed. by T. Gehrels CRjcson: Unlv. 
of Arizona Press), 621. 


diirf«tt hf th# fiii ilfiHRC lo<Mic*d tc tl» feeut* lut CIj* IWJM»i44eh wtU 
gtniirtUy \m wueh tli«a eii* iagylar ilit #f muf liui lovtiti- 

litlon of loiititttilnol 4iff*r«ne«i to^wirot ciptocdd mojiiartwinti *• feh* todjf 
rotAtti ind no roiolution In InUeodt la avallal»ta« 

fticani advancfl in inttrfairowittlc tachnlnnaa walni nora than ona antanna 
hava now allowad ua to obtain graatly laprovatf raaolutlon and mkm apattura 
aynthaali mapa of aavaral of tha Xacgair planata. Thla hai allowad ua to aat. 
for the flrat tliiia, tha actual bciihtnaaa diitributlon acroaa tha dlak and haa 
led to gtaatly Iwpcovad undaratandlng of aany phenomena. Savaral aapacta of 
obiarvlng are common to both aingla-diah and apertute‘"aynthtaii taehnlouaai 
lhaae will be preaanted togetheri but the apacilic procaduraa fot aach type of 
obtarving will ba diacusaad aaparataly. 


A. Choice of Obaarvlng Ppaqueitcy 

'niere ate aevaral factora affecting the optimum frequency with which to 
observe a given planet. Because most of them have temperatutea between about 
50 and 750 kelvin, their amission peaks in the infrared ^ and we wish to ob- 
sevvB at as high a radio frequency as possible in order to record the strong- 
est signal. A high frequency or short wavelength is also desirable to obtain 
good resolution as shown by equt^ion (3) in which the half power be amwidth of 
the antenna is directly proportional to the wavelength. 

On the oth«r handi radio telescopes are often easier to operate at low 
frequencies. Ihe surface tolerance of a parabolic reflector should be main- 
tained to within an rras accuracy of one-sixteenth wavelength for good efflcl- 


^Kraus, d.O. 1966, Radio tetronoroy , (New Yorkt McGraw-Hill) chapter 6. 
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incy^ «tt<} 4«ti, no lolttcopti largtr ehan «l»oiie IS m in di«MC«r h«v« boon 

contCrunecdf co niaintaln ehtc acnuraey an niUiiitear mvalangtha. thui tha 
largaae caleaconaa oimraeinf al: eaneiMCatr waaatangetia eurranely of far baffar 
raaotution chan can ba obcalnad ae nlUinaear wavalangfha. A na<w 2S«« rala* 
acopa baing propofad by tha Nieional Radio Aieronoicy Obtarvabory and a 30*« 
ealaacopa being conatrucbad by bha (bix Planck foablbuba for Radioaabronomy 
ihould help bo correcb thla problant 

Anobher equipnenbal problam la bhab paramecrie and Maatr aiaplifiara art 
diffleuU bo conibrucb ab ahorb wavelengbha ao bhab in bhe mlllliKeter range 
Che aignel rauit he fed dlrncbly Inbo a loaay mixer In a auperheberodyne recei- 
ver ayatem with no preampllflcatlon. Iheae mixera can be cooled to reduce 
their noise level bub are still not as effective aa aysbema with aome preara- 
plification of the signal before mixing down to a lowir frequency for addi- 
tional processing. A promising new improvement in mixer technology is an SIS 
(superconductor-insulator-superconductor) device currently being developed^. 

In addition, wlde-band bolometers, which are starting to be developed at rail- 
llmeter wavelengths, should also help to alleviate this situation. 

8, Measurements with Single Telescopes 
1. General Ttechnlques 

a) On-off . Ihe simplest method to measure the brightness of a planet la 
to merely move the beam on and off the position of the planet and record the 
difference In the signal. A typical time for the Integration at each position 

^Rusch, W.V.T. 1976 in Methods of Experimental Physics - tetrophysics, Radio 
Telescopes , volume 12, part B, edited by M.L. Meeks (New York: Aiademic Press) , 
chapter 1.3 . 

^Phillips, T.G. , Woody, D.P. , Dolan, G. j. , Miller, R.E. and Llnke, R.A. 1981, 
IEEE Trans., M^. 17, 684. 



It {Mirh*pt out ntfiiiit* f^ir Idiigcr in&trv«li|, rtetivtr of «&MNi{iliifte 
tioni my e«ui« « variabi* faapoaaa» wliil.a for alioffaf ififariNila, t#e «mioH 
flnt t« •ptnf in inovlni flit calateopa iNieMtB poaiiionf* M»f twak algnala 
mny Infaifaetona nay la adiad edftilaf to oltain ttia iaaifii aiinal**to«noiat 
ratio which it proporcionat to the t(^uara root tha oliafyliig tim* 

Unfortunataly, •tvcral practical prolltnt aria# with a aimpta on-off 
ttchniqua, Ont ti that thara are nooaroui MMll^acalt iccatularittea in tha 
aari'h' a atraotphera which can altar tha propagation of radio tignala between 
the on »nd off poiitiona. We can coi^HintBCa for much of thii ataosphorlc 
fluctnatJ on by employing Km identical feed elaointt which art placid cloaa 
tofithcr on oppoiitc tidae of the focal point of the talaacopat Ihe recelvar 
is »wl celled rapidly (tent of times par second) between these two feeds and the 
difference signal is synehrenously detected> Hie separation Is such Chat the 
cwo resultant beams are only a few beamwidths apart. In the near field of the 
telescope where the radiation patterns are nearly uniform cylinders, the two 
beams will overlap almost completely; where they start to diverge sigiviftcanc- 
ly because of diffraction depends upon the illumination patterns of the anten- 
na but is approximately the Rayleigh distance, 0^/2X , where D is the diametet 
of the telescope and X the wavelength, Mott of the turbulent eddies which 
cause the fluctuations occur within a few miles of the earth’s surface well 
within the near field of most telescopes, and thus generally appear in both 
beams. The fluctuations caused by these common elements will be cancelled by 
the switching process, leaving only the contribution fr- m the very small or 
distant cells which do not lie within both beams. ^ 

In addition to atmospheric contributions, there can also be fluctuations 
in the background emission caused by ocher sources within the beam, possible 

^Baars, J.W.H. 1970, Ph.B. thesis. University of Delft, chapter 5. 
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•liftlolM r«ipN»ni« trim th« >ini or ollitr teroiig Rttii^dioriof tfittretti «n4 «vtit 
f^rtcma fiekup ffea ekjtefcs oit tH« groaiid. l»ia ean tlgiilfleaneljr alur ih§ 
ditae'^ad ti|ftil avan idtan aaUehing av^ar a umII angla* Iteattia eha plam&a 
mova chrdu|h eha tky» tit can aorracc foe ehaaa af facta Ip rapaaeinf eha laca* 
•ueewant at tha aiiia poaition on a aulaaqoant dap aftae tha ptanat liaa novad 
atray and than aultteaceinf tha two aignata to obtain Juat tha planataey eaia* 
ilon. lha iehaantte progtaa foe tuch a caehnioua la ahown in Ptgura l» in 
thia eaaa wt vara obaatvlng lieani tha laegaat aatalllta of Saturni and naaded 
to eonaidae apurioua aldaloba raaponaaa feoa tha height planat* iRia path of 
Wean ealatlva to gatuen foe Hatch Id-SOi lf?5 ta thffl^o bp tha cutvad Una 
with tha poaition at midnight on aach data latMiladt On Hatch IP, baam awitch- 
ing obatcvatloni were mada at tha poaition of Wean eaat of Saturn, Heat tha 
poaltiva responding beam (aolid circia) wai almad at Wtan while tha negative 
responding one was on the akp background south of the satellite. Heat tha 
negative beam wai directed iX titan's position While the positive one became 
the "oif*' beam to the north, the teault of subtraction of the two switched 
radiometer outputs can be represinted by the equation 


Signal ■ ((Wtan + background) - background aouth] 

» (background north - (Titan + background}] 


» 2 Wtan + 2 backgroand ^ (background north -l* background south), (^b) 


Then, if the variation in the background Is linear, can sat 


. , . background north + background south 

background -■ 
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and cht ntl ratolK it 

•ignal - 2 * Hetii* (4e) 

lieauat ana btwi it mlmf* on aoiireci £ht tlxitilwco^notat ra^lo In au^h a 
Mtatuveniane la iwica Chac nf an ordinarjf on-off ataaturaiMine* 

A ainllaif aat of obaarvactona ac axaetl/ iha aawt {»alelon wat nada on 
Harch 17 btfora tlcan waa thara. Tha raaulcanf o^ fhaat rapfiaanead ftha baok* 
gtound fniasion froM eht iky ac elia aataUifa'i poalclon and ao final aubcrae- 
tlon of cho maaaureniant: on Hareh 17 fron that: on March 19 gava bha erua 
brightnasa of Titan. Finally, hacauaa •pucioua sldelobaa tn tha antanna beai« 
pattern ahould be aymmatrlc, the obaervatlona ware rapaatad at an exactly op» 
poaite point on the other (wait) aide of i^turn. TiBy gave a slmHar reault 
to the blank sky maaauremont as eKpected. 'fl>e wueh smaller satellite Hyper- 
ion, although in the vicinity, was too weak to produce any detectabla effect. 

2. Scanning 

If the position of tha moving planet Is not well known or If the pointing 
of the telescope Is uncertaln-of ten a problem at high frequenctas because of 
both mechanical and atmospheric refraction effects •> then an on«off technique 
can either miss the planet altogether or at least seriously degrade the re- 
sponse to the object. The position becomes a pair of new unknowns which 
therefore require additional data. These could be obtained by observing at an 
additional position in each of two perpendicular coordinates such that the 
beam was partially on the planet but the additional time for telescope motion 
generally makes it more practical to operate In a scanning mode. In this case 
the tacelver output li sampled rapidly while scanning the telescope across the 
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coitret in thi dirte(ton aionf nlite)i $lMi m (minmi ar« tapiraeti la tl«( isgala 
tlia ftipaRMt of tfotfc tht fKMietiNi ani iwpteiwi to«ii eo tiM plttmt art rt» 
etr<)ad» tr la aott; affieianc to ft larwarti rtian tMiakiairi aerata Ilia 
•(Hirct on ihi taaa lint to ilial Itaa it ih>i aatra4 in lalaaeopa laoilon ahan 
daia cannot bo rtcordad. 

the acana auai ha long tnoitgh lo raach iha hadcfround on aaeh and ao thai 
a baaalina aay ha initrpolalad and iha flux danti^ily of lha olanai aaaaurad 
above tc. for a Oauaatan hta«i for axaapiat lha intenaiiy falla |o l {lareinc 
of Itie central value al a diatance of l»% baiMuidtha froa lha peah. By ihan 
the algnal la ganarally loai In the notai anyway ao that a aean of total 
lengths 7-0 beanniidtha will uaually provide aoae basallna at each and of a 
dual-beam scan. 

the peak pt tion of the ooiect can be found by a fit of the beam pattern 
to the data through a least aquarea proeadura •» often on-line - and then a 
parpandieular scan can be wade through the peak of the first scan to complete 
the measurement. For the perpendicular acani the feed apparatua thould be 
rotated by 90* ao that both beama again paai acroai the planet. Hie peak 
intenaity on the second beam iiy of courae, the true source hrightneaa and 
once the complete poaltlon la known, the peak intensity on the first scan can 
be corrected for the fractional offaet of tha beam* Genarally relative poti- 
tloning is known better than absolute, to if the planet ia too faint to bt 
seen on a aingle scan, several can be made over the same position and the data 
added together before fitting the averaged acan. 

3. Polarlaation Measurements 

Although thermal emission Is Intrinsically unpolarlsed, a small polariza- 
tion will be generated as the amission from within the planet croascs the sur- 


mtmvi* iBm ae fetM iinarliM iMfintaa 

ilNi aurfiaa md a^MMidiart mi Im vwmM t« |^«« ilMr iiaatwHl aalarlMeita 
if • ftaiiilaa of dialteiiria aai Hmim Mgla^* Itela kia te«n 

cul^Hf uatfiil ta elM wsfaii •ehatr etrfaittial plaatlt W inc«rl«r~ 

owierie itelini<}iitt fdiict a mall ahaaia ean vafjr aiifitlleaneli* affaee eba via» 
Ibiltfcy lunesiaaa (iaa Iteelon Ilet htlm} pii^alltl and m^^aandieular lo Cba 
int^arlftramitr Imatliiit^'^. In addilion, mlita61< aiudita tiava alio baan aada 
ol eha highly aolarliad lynehroeron aalaiion froa Junliar*a radlaUon htUi* 
Bacautt a glvan laid alaminl can iraeaiva only ona lania of (ioliricaclon» 
aithar otia orlanfeaclon of linaar or ona handadnaai of clreulatr, rha ganaral 
procadura la co aifieeh baiman cin> orChogonal hul eoneanirie fiada in ordtr eo 
racord diraclly ona of cha polarisad InrantUiai or Scohai paraoiatara of iha 

incoMlng radiillont Roiailon of ihla faad lyiCaa by 4S* <or a phaae shifc lor 

•» , 

circular faada) can chan glva a aaeond SCokai paraiiacar. lha coral InCanaley 
la dacarminad by cha acandard biaw-awlcchlng obaarvaclona daacrlbad above and 
Cha chraa parartcara can complaCaly apaclfy a linearly polaclaad algnal. Ih 
neaiure Cha circular polariaaclon raqulrai an addlclonal paraaiacar tdilch can 
be obtained by Inaarcion of a phaaa ahlfCar bacwaan cha two perpendicular 
feeda. FOr InCarfaronaCrlc obaarvaclona In which we have tm aeparata an- 
cennaa, the faada In ona can be rotaced with reapact co che ocher In order to 
achieve che aama raaulc when their aignala are combined* With two concentric 
orthogonal faeda In aach antenna, thara ere 4 poialble paira ao the full 
polarlaatlon can be apeclfled in a alngle obaervation* 


^Heilea, C.E. and Drake, P.D. 1963, Icarua , 1, 281. 

^Schloarb, F.P. , Muhlaman, D.O., and lerga, O.!. 1976, Icarua , 2a, 329. 

^Muhleman, D.O. , Orton, G.S., and Barge, G.L. 1979, Aatrophya, J. . 234, 
733. 


0. Iptifur* 

ta&H ih« liiproytwiiifc of inctflorcMMCrle lo ilit Ittc fMifiey 

y««rt^ ic hit hteoM fotelbl.* to ohealn an^reMeond (itdlitelon iii iridio 
tfiviling tht «n4 1C la nw poatihlt to mf eht bri^ieiMitt diteribaeiofi leroit 
aoiC of eh* wajor plaotKa* A fuU 4avtlopian( of lha taohitlquia of apartura 
■ynthtalK it fur hayond tha aoopa of Ihia papav hue m ahall daaorlha hart a 
faw of eht kay poinea. Hart InforMeion can ha found In varloua ravlau 
arelctii aueh aa ehoaa in rtftrancaa lOf Ui and 12# 

lha hrighentaa diaerihueion of a conplax radio aourea can be tapraainetd 
aa a auamaeion of Rj«<rter coi^ananea aach of which ia a atnuaoldal teMparalura 
dlaeribueion of aoao aaplieude, phaaa, and tpaeial fraquancy# Ihis, of 
courae, ia an angular disertbucion and ehut eht tpaeial ftaqucncy ia eha nun- 
bar of cycle* per radian acroii che aky rachar chan eht norc uaual tine vary- 
ing function# If we can meaaura ehtaa conponenes and add their eontrlbutiona 
we can than reproduce the brlghtneaa dlftributloti of Cht objaet* lb lea how 
we obtain auch data lot ua coneider the reaponae of a pair of radio eeleaeope 
aeparnctd by aoma diacance, d, to radlaeion from a aourea at aoma angle 0 wich 
reapcce co ehe line joining che pair (ate figure 2}« Ihe voleage ae aneenna B 
la chi time varying function! 

E coa(ttit) 

where E is the amplitude, w the angular frequency of the radiation, and t the 


time* At antenna A the signal will be the same except delayed by the longer 
path length It must travel or 


^Ryle, M. and Hewlah, A. 1960, Monthly Notices Royal Aatron ♦ Soc, , 120, 220, 
lySwensoni G,W# 1969, Annual Reviews of~Astron, and Ai trophy a,, 7, 353. 

‘ * Foma Ion t , E » B . and Wr 1 ght, MVciH. 19/4, in Gaiactic and Extragalactic Radio 

AstronoBy , id, by C.L. Verschuur and K. I. Keliermann, ( t^sw "Yorlc: iiprihger-Verlag) 
chapter* 10. 

.^^Hjellming, R.M. 1978, An fatroduetton to the Very large Array , NRAO publicaclon. 
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B eof(MiC i)» 

If eht tiwo tignalt art corrtUetd in r,ht ttctivtr, by a^lcXpiiea- 

cion, an4 chan patfid through a l<Hf-paai fllCar Co ramova cha rapidly varying 
radio fraquaney eoMponane, cha raauleanc powar will hi^va cha forni 


V(A,B> 


. /Jrd .. 
1 coi coa 0) 


(5i) 


whare V la callad cha vlalblllcy of cha antemiia pair A, B aaparatad by 
dlacanca, d, and I ia cha Incanalcy which la diractly proportional Co 
Ihia la the fundawancal equation of interfaroiwtry and rapraaunta a quaal- 
alnuaoldal fringe on the aky, the apacing of which dapenda only upon Che aepa- 
ration of Che two ancennaa In wavelengtha. Che fringe lengCh is given by the 
angle O which causes a one wavelength difference In the path length to Che two 
antennas. As the earth rotates, the source appears to move across the sky 
through this fringe and so we can measure the amplitude d phase of this 
particular spatial frequency. 

Our discussion so far has been one dimensional but if we could record the 
signal from a collection of pairs each with a different spacing, d, and in 
different directions we could build up a full two-dimensional picture of an 
object in the sky. Using the complex form of representation for Che visi- 
bility of a point source given in equation (5a), we have 


V(.b) 


2irl(b • s) 

I • e 


(5b) 


where b is now the vector projection of the interferometer baseline onto the 
sky in wavelengths and s is the vector position of fie source in the sky. 
b is often broken into two perpendicular components, u and v, in the east-west 


mi notlh»iouih (ilrAclionti rttptectvtljf. i li ti«jUirly tK|/>itriitt4 In enriii 
of p«y*^|i<imdleul«r ennrdinitiii gtnnirilly tht ••eronoiilcal eootiinaKta off right 
•lennaloni Hi and iiclinatinni di if tht inCnnatty ii a variahlt lunetinn nl 
poiition in tha aky than equation (5b> haeoaaa 

V(u,v) » // t***^^*' dodS (5c) 

^htrt 1 hia b«nn appropriataly weightad bj^ the taaiionta pactarn ol tha indi- 
vidual antaiinaa in tha pair. 

RquaMon (Sc) can ba cacognlaed aa a Pbucler integral and io applying tha 
properties of Fourier transforms, (e.g. raferenco. 13), m can obtain the 
Intensity dtsti'tbnClon of tin* planet or other object * the relation 

l(tt,6) « If V(u,b) *^dudv. (6) 

Proper solution of this Integral requires full coverage at each spacing ie 
each direction which is only available from a completely filled aperture of 
large dimensiona> In the practical application of aperture aynthaais, a 
reasonable nv«nber of points « rc sampled and then uniformly g ridded to allow 
fast Fourier transform algorithm* to be applied to the data. Most Instruments 
employ neveral antenna elements and also use changes In the source-fringe 
geometry caused by the earth's rotation to build up a large number of pair 
■pacings. M the earth spina on Its axis a given baseline located on its 
spherical surface will appear to rotate and also be differentially foreshor- 
tened with respect to a point on the sky so that a range of projected bate- 

'^^Iracewall, k.N. 1980, T3\e Fourier l^ansform and its Applicitlont , (I’ew Yorks 
fteOrtw-Hlil) . 



Unt« ov«r • full uiMil««lrelt of dlMUlioui can N •»beaina4 froa a tlngla pair 
in 12 hourt of oluiarvlAg. Hia individual viaibllielan art aeorad aa eha/ art 
naaiurad in a eea^uiar lor fha aubaaciiMMiK analyala. thiually ona 12-Hour 
oHaarvalion la aufflciant lor a good aaip but aonttriikta cha ancannat are moved 
Co a naw Haaclina eonliguraelon and an additional aat of vlalHilitlaa la 
accuniulated Htfore a nap la eonaeruotad* 

Evan wall aamplad mapa art actll ineoaplatai howeveri and cha reaultant 
aynthaaliad Heama can Hava algnlfieant atdaloba pacterni which can diacorc the 
apparanc hrighcneii of an txcandad ob|ecfc. The general approach to correct 
for thla fflSiay ancanna pattern la to "claan’* the tlata.*^ Ihia is done by an 
Iterative proceas in which the “dirty" beam from an aperture •yntheals obaer- 
vatlon la aucceaaively subtracted from the brightest spot on the map until 
some desired noise level is reached. Uien the subtracted components are re- 
stored to the map with a (laussian shaped pattern of the same beamwidth. In 
this manner the sldelobes of bright sources at different points are removed 
from other positions on the map and only the true brightness remains. Some 
attempts are also being made with planetary observations to subtract a uniform 
dish from the data to obtain a map of only the fine structure which is visible 
on the disk of the planet. 

D. Calibration 

1. livtermediate Calibration 

It is simple to compare the signal from a planet with a known amount of 
power injected into the system between the feed element and the receiver* 

Hiis provides a ready reference but leaves two problems if we are to measure 
the actual amount of radiation from the planet. First is the afflclency of 

^^Itegbom, J.A. 1974, Astron. and Astrophys. Skippl. , IS, 417. 


«nil itccmi it fl>tor|i6lQn ^ %h« atiiietfh«r«» lalH of 

thtsft can vary with Sint and j^aition aa util ba daaevIlMd btlov to thal a 
froquant ({tatiatally mofa offcan than onoa j^t hour) aatarnal oallhrarten la 
Imporcanc. thta la orovldad by aaiaurauanc of aona eoaale aourea of hnoiffi 
flux dtnslty which ii nair in tha ahy to tha objact of intaraat. k^y ehanga 
in tha raaponft to thia known aouroa can than ba intar|»olatad to ilvi a eaii« 
bratlon function for tht ayatta* A grid of bright eallbration aourcoa can ba 
•tcurad from varloua cataloga of aourcat which ara ayallabta and It la uaually 
^osaibla to find auch a aourea cloaa to tha program objjact to that changaa 
batwaan tham art nagllglbla* At high fra^uanelaa, Jupitar la of tan uted aa a 
good intarmadiata calibration for othar planatary ob**iyatlona» 

2, Ahioluta Gnltbratlon 

tha Incarmcdlata calthriCors nllnw datermlnatlon of vary good ralatlvt 
values but wo must ktww thntr absoluta flux danaltlaa if wa ara to datermlnc 
the true flux density of the planet in which we are Interaatad* this requires 
determining th« abaolute gain of the antenna ayatam and tha atmoapharic ex- 
tinction. 

a) A\tenna gain - Ihe absolute gain of a parabolic raflaetor and feed it 
extremely difficult to calculate exactly bacausa of Irregularitiat in tha tur- 
face which are difficult to assess, spurious rnf lections from tha iuppocit legs 
for the feed at the focal point, distortion of the Illumination of the reflec- 
tor by tha feeds, etc. Also, as an antenna follows a aourea acroaa the sky, 
the changinf ittvitatlonal pull can altar all of the paramataea. At long 
wavelengths absoluta measuremants hava bean mada ualng larga wavagulda horns 
for which the gain can be accurataly calculated (aaa the ravlaw in rafaranca 
15). these Horns, of necessity, have fairly amall apertures ao that only tha 


vtry ilrongttt loureti ar« bright: tnoi^h m b« aeeuraraly «aa8ura4 and chan 
waakar aoureaa autc ba eoifiarad f^tCh ehoia Co aac up Cha full inCarnadlaca 
calibracion grid. SonaCiwaa a blaek diak of kno^ CeaparaCuca can ba aac up 
aavaral kilomcara away in cha far fiald of cha ancennaa and cha raaponae of 
cha ayacta racordad aa Ic la aeannad paac cha diak.^^ tha diak la a wall 
callbracad ealccsr buc chare can acill ba aoisa apurioua raaponaa froa local 
carraln ao che abaoluCe valuta have an uncarCaInCy of abouc 10%> 

Ihe prlaary calibraeor aC fraqutnclaa below abouC 25 GHa la the auparnova 
rerananc Cssatopeia A. Hia abaolute leasurementa of ic have been wade at aev- 
eral frequencies,^^ and the spectrum can be well flc by a power law with 
decreasing flux density at higher frequencies, characteristic of synchrotron 
radiation rather Chan the thential emission most common for the planets. 

Although this source which Is the remains of an exploded star, Is expanding 
and slowly fading. Its decrease In flux density Is well documented^® » and 
the absolute flux density should be known to better chan 5% at any given 
frequency and date. 

Because of Its reduced flux density at higher frequencies and Its some- 
what extended size Cas A Is not a good calibrator above abouc 25 GHz, however, 
and another source must be chosen. Ihls Is usually the compact Ionized hydro- 
gen cloud (HIl region) called 0R21. Its temperature and density can both be 
determined from Its optical emission and because It Is a thermal radiator the 
absolute radio spectrum of DR21 can be accurately calculated to provide a 

^^Flndlay, J.W. 1966, Ainual Review of Astron. and Mtrophys. , 4, 77. 

^^Troitsky, V.S. and lieitiih, tt.M. jjf62, {UdibflzicaJ 5, 621'. 

^'Baars, Genzel, R., Pauliny-Toth, I.I.K. , and Wltzel, A. 1977, A stron. and 

Astrophys, , 61, 99. 

^®benC , W. A. , Aller, H.D. and Olsen, E.T. 1974, Astrophys. J. Letters, 188, 

LU. 

l^Baars, J.W.K. , Genzel, R. , Pauliny-ToCh, I.I.K. , and Wltzel, A. 1977, Astron. and 
Astrophys. , 61, 99. 



•If. 

Ac tclll hlfh«r frtfuaneiti (fraacte ttian alauC 100 OMIc) cha 
aitiaiion itm duiC graltii in Cha vieinicy of 0121 Mha Cha •faeccuii of ehac 
ohjecc unoaccain^^ and aclll ochac ealibracion eaohnifuaa ante ha aafloyadt 
^aaa usually involvt a careful calculation of all factora affoeelnf Cha 
aneanna pattarn and then correction for the effect of the earth's aenoaphara 
upon the signal. 

b) Atmospheric effects - Molecular oxygen and water vapor in the earth's 
atmosphere have a number of rotational transitions at microwave frequencies 
which produce significant and variable absorption. Thus particularly where no 
caXlhrator outside the earth's atmosphere is available we must consider the 
extinction by the atmosphere. Ihe transfer of radio signals through this 
atmosphere can be represented by 

T-(v) « T (v) e“"^v + T„e“^‘^v“*^v^dt., (7) 

where all quantities are at a given frequency, v, % is the measured 
brightness temperature, Tq Is the true brightness temperature of the source, 

T|f Is the kinetic temperature of the atmosphere, t Is the total optical depth 
of the medium or /dt, and dt is the opacity given by the expression dt - xds 
where *: Is the absorption coefficient and ds is the Incremental path length 
through the medium. The first term on the right hand side of equation (7) 
represents the extinction of the source brightness*, the second term adds an 
additional signal to Che apparent brlghtnevss from the atmosphere. Because in 
the beam-switching mode the path through the troposphere of the two beams Is 
nearly Identical, the second term drops out in the difference expression and 

20i)ent, W.A. 1972, As trophy s. d. , 177, 93. 

^%ltch, B.t. 1974, Icarus, 21, 254* 


tit nttd tontldtr only eht tiitslneeion to datorntno Cht trot ferightnatt ol tiio 
obtarvad pltntt or olhar tourca. Ua latgbt point outt Hotravar, that tha ataot- 
pharic contribution in tha oacond tarn doai add nolaa to tha ayataa thua 
aff acting tha aanaitlvley* 

At • given obaarvlng alta tha atootphara can ba mil approxlaatad by a 
iarlat of plana parallel layara ao chat the path length and thus axtlneclon 
through ch« atmoaphara will vary aa tha aacant of the aantth angle, Z. Mea- 
auraiaanta at two aanlth anglet ahould tharafora be aufflctant to datamlne the 
optical depth, t. Often, however, the atmoaphara variaa on a time acala which 
la faster than that required for the aource to move through a significant 
aanlth angle and so the extinction Is measured by taking "dip curves" with the 
antenna. In this procedure we utilize the socoikI term in the right hand side 
of equation (7) by turning off the beam switch and observing blank sky at 
several positions between the zenith and the horizon. With virtually no back- 
ground radiation the observed signal will be the temperature of the earth's 
atmosphere Clines the absorption coefficient integrated over the path length 
which again varies as secant (Zenith angle), 'the extinction and noise 
contributed by the atmosphere can be determined by a least squares fit to 
several points at different zenith angle. To tie all the measured signals to 
an absolute basis, a microwave absorber at a known temperature can be 
alternately placed in front of the feed to give an accurately known iunount of 
power for comparison with the other values. consideration of the 
errors in all the various steps in performing an absolute calibration at 
millimeter wavelengths, we conclude chat such measurements should have an 
absolute uncertainty of less chan about 7 percent. 

^^Ulich, B.L., Davis, J.H., Rhodes, P.J., and Hollis, j.M, I960, IEEE Trans. Anten- 
as PropagattoR , in press. 

^%lich, B.L. and Haas, R.W. 1976, Astrophys. J. Suppl. , 30, 247. 


III. IppUcMeiont 

A. S&uditt of eht A£fiOfpli«r«i of tHo fUntct 

Noe only dott eho tireh't ootoiphtet ooneain moloeiiloo t^eh vlerowivt 
eraniielons bue to do eht iCiiotphtrta of ■•vocal oehtr planoeo* XO addilton 
eo oxygtn and vac«e vapor i noltculaa of carbon nonoxidi, carbon dioxidOf •»» 
■onia, and hydrogan afface eha alcrowava opaeiey in varioua planaeary aenio- 
apharaa. In ganaral Cha eranaleion probabiliclaa and/or abundanea of ehoaa 
ffiolaculaa art aufflcianeiy aaall ao ebae a high opaeiey la raached only in the 
deep atmoaphere where preaaure bcoadanlng haa smaared Che Individual rocation** 
al cransiclona into a single broad absorption band. Iherefora we cannot use 
spectrometric techniques to look at individual line profiles i measure veloci- 
ties, etc. , but merely use moderate bandwidth continuum radloraetry at several 
wavelengths to look at the general band structure. Malyala of the measured 
temperature across the band gives us a profile of the temperature distribution 
with depth in the planetary atmosphere. To evaluate it, we consider the 
transfer equation of radiation through that planet's atmosphere which is iden- 
tical to that through the earth’s (equation 7) except that is now the 
brightness temperature of the surface of the planet and is the absorption 

coefficient of the materials in Its atmosphere. 

In Che center of the molecular band where the absorption coefficient is 
greatest we reach a large optical depth in a short path length so that in the 
center we measure the temperature of the high atmoaphere whereas in the wings, 
with Che lower absorption coefficient, we receive radiation from deeper down. 
Ihe tropospheres of all the planets are heated from below by convection and so 
the outward decrease in temperature produces an absorption band with the low- 
est brightness in the center. Figure 3 shows the profile of Jupitet's 

2^Toraasko, D. , Dlckel, J.R., and Goodman, G.C. 1974, Bull. American MCron. 

Soe. , 6, 377. 



ehttiMkl Mifiiaa le nleremyt frttiiitneitt filMrt tiM atiaftrfeidn it eauati iy an 
Inytrtion eaanaltidn of ctia anaionia laolaeult eaniarai ae a fraquaney of 23.7 
Gtlc (or a wavalanfCh of 1.23 ea). On 6ha ahoet wavalangih aWa thara ia ovar* 
lap with praaaura-inlueai dipola abaofpeion by eha hydrogan aolacula.^^ Iba 
obaarvaclona ara rapraaantad In tha figura by dota wUh chair arror bara and 
cha aoUd linai rapraaane cha bclghtnaaa caaparacura a«paccad for modala of 
Jupicar’a acantaphara «diich ia alnoaC pura hydrogin buc »lch craea amounca of 
naChana (0.32 by number of Bolaeulaa) and cha ammonia abundancaa given, lha 
different matariala not only afftet Cha microwave opacity but alao control tha 
cemparatura gradient in the atnoaphere which haa a value of »2*/km The effec- 
tive planetary ceaq>eracure waa 130 K. 

Infrared tnaaaurementa have Indicated that above the cropoaphara, Jupiter 
haa a atratosphera where the temperature rieea again, ^veral attempta have 
been ride to detect narrow emisaion linea of ammonia from thia region but with 
negative reaulca.26,27 it haa been poaaible to conclude that Che relative 
abundance of ammonia in the atratoaphere is leas chan l/lOO of chat in the 
lower atmosphere, ^patently the ammonia haa been frozen out in a cloud layer 
and does not rise above it. 

the one molecular line which haa been seen at sufficiently low pressure 
in planetary atmospheres to require actual apectrometric techniques and give 
some detailer information is the 115 GH* J"l+0 transition of carbon monoxide 
in Che upper atmospheres of Venus and Mars.28»29 these data allow us to probe 

“'Goodman, G.C, 1969, Ph.D, theais, University of Illinois. 

^OGulkis, S. , Klein, M.J. end PoynCer, R.L. 1974» in Exploration of the 

Planetary Sys tern- Symposium 165 . ed. by A. Wbszcyyk and C. Iwantazewski, 
„P- 

27Dickel, J.R. 1976, Icarus . 29, 283. 

28Kakar, R.K. , Watets7~jrW7 and Wilson, W.J, 1976, Science, I9l, 379. 

. 1977. Science. 196, 1090. 
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cht ehttiitcry and dynmict in a high alelctida canga idileh la nnl aaeaaalhia 6o 
dlraci: atudy hy oehtc naana. At thla high frtguaney tha n\raraU ragulrad 
bandwidth la gulta latga and tht a^actroaatat eanalata of a aarlaa of naetow 
bandwidth flltata tunad to adiaeant frequanelaa in tha intarMdlata-»fraquaney 
•taga of the ttetlvar after tha algnal haa bean alxad down froia tha original 
high frequency » lha raaponaaa of tha Individual filtara can ba eallbratad by 
obaervlng a aourca of continuum radiation which ahould produce the aaaie 
rteponae in each channel. 

B. P.'lanets Without Atmotpherea 

Microwave radiontetry can alao give us important information about the 
surface materials of bodies without atmospheres. Ever since the first radio* 
metric observations of our nearest planetary neighbor, the moon, in 19453® we 
have been acquiring very detailed information on the thermal and dielectric 
properties of the surface materials of the planets. *n^e solid surface re- 
ceives heat from incoming solar radiation which is transported downwerd into 
the planet by conduction. At a given point the input of heat necesaary to 

1/5 

raise the temperature a given amount is proportional to (ps/k) where p is 
the densi»'y, s the specific, heat of the material, and k the thermal conductiv- 
ity, but the conductivity also enters to carry the heat away from the region 

1/2 

so the final temperature is governed by a quantity (kps) which is called 
the thermal inertia. It measures the effective resistance of a medium to 
heating. 

Because the planets spin, they will alternately be exposed to the incom- 
ing solar radiation and to cold sky so that the heat flow actually reversea 
periodically and a thermal wave Is set up in the surface layers* Ihls has a 

3®0icke, R. H. and Beringer, R. 1956, Astrophys* J. , 103, 375. 



IMVtliliiCit 


(i) 

%*htet f it th« f{»ln ptslod of th« ol^jtoc «nd Clio oolite tynbolo «rt «i dofinod 
ibovt. Ihtf voHoClon in CoiiforoCuro hot on inCo»«iln| lUutcriiClon in cho 
plonoc Mtroury vhichi bocouto of ict vory ollipClcol or hie oround cho oun ond 
ici cidoUy ioekod opin porlod of oxnecly 2/3 let orbieol ptriod» lioo i 
petinanone difforimco in ovorogt toiar input or voriout iongicudoit Iht 
rnsulcnnt hrightnoao curvet, shown in Figure 4,^^ are thus difforont at 
different longitudes^ 

"1110 chocaal parsaaCers can also vary with depth below the planetary sur- 
face and to relate then to the observed brightness requires a knowledge of the 
depth, i, from which the radio-emission arises, this given by 

i « (2»c^^^tan 4) ^ (9) 

where e is ::he dielectric constant and tan A is a quantity called the lots 
tangent of the material which is given by 

tan A ■ 2ol/ce UO) 

where o is the electrical conductivity. Ihe loss tangent essentially causes a 
phase change in the wave as it propagates which produces self interference or 
an effective absorption. If the material is layered there will also be a 
reflection and change in emlssivity at each interface which depend upon the 

^Igletn* H.J., 1970. Radio Science. 5, 397. 


dlalteetlc eonilaiie* With aj^propfiaia valuta for tlia varitua paraMKara a& 

•aeti dtpch eht a<|ualloii di radlaClva cratiafar ean tui Inetfsaeai aucuari la 
4teartilnv eha aMirgtni intanailjr al Iha plaiMlary aurfaet far eaafiariaan uilh 
Ihi 4a i« at atvaral wivalinglha* Sueh analyata hava ifteanilp btan appUt4 la 
atvtral aaliilieta and aaiaroida aa uaXl at iha lairaalilal planaia. In 
ganaral m find lhai ihay ra^utra layarad auflaeaa uiift a aaaling af dual, 
having law ihasinal inariiai ovailylng mtm confMictad iiatai'ial»32»33 
ffioan, Iha availahilily af inaiiu daia eauplad with Iha vary high raaeluilan 
availabla frota radia iniarfaramalry hava allawad cantidarahly uara tophiill-* 
caiad analyaia tuch at Iha darivaiian af aelual heal flaw raiat and eanducltv- 
ity in the aurfaca layara raihar than Juat »aan lharnaX inartia para«atart^» 

C« Badlea with Both a (ladlo) Vlathle Surface and an Aemaapharc. 

Ihft planet Venus has a very thick atraaftph^ira, but carban diaxida, the ma» 
jor constituent, has only a vary small radia apaclty* Ihe wing of its smeared 
rotational bands is evident at short wavelengths so that the effective alti- 
tude at which the temperature is measured lies up in the cooler atnosphere; but 
at a wavelength of 6 cm we see through the atmosphere to the 750 K solid sur- 
face of the planet (Figure 5 ). 54 ipectrua, reveals in eddltional pheno- 

menon which has never been explained, however! at longer wavelengths, beyond 
about 15 cm, the brightness temperature drops again. This feature haa been 
further confirmed observationally35|36 the effect is real but we know of no 
material which absorbs in that spectral range, lefractlon in the atmosphere 

32Horrlson, 0.0. and Klein, M.J. 1970, /a trophy a. J» , 160, 325. 

53|)ickel, J.R. 1979, in Asteroids , ed. by wVrels CRiciion! Univ. of Ariaona 
Press), 212. 

3%arnock, W.W, and Dickel, J.R. 1972, Icarus , 17, 682. 

35Condon, J.J. , Jauncey, D.l,. and Yerbury, H.J., 1973, Aitrophys. J. , 183, 1075. 
■^®Muhleman, 0.0. , Berge, O.L. and fkton, C.S. 1973, Astrophys. J. , l83» I08l» 


i»r in lonotfihirt «i^<i alto iniiiffleltne to •npltin thli ptoiiliae affooi otilolt 
teiU itfiti undtrttio4ifif» 

Mother Intiroatlng ftatoto of Voniia it tho loeli M ietoitililo ilor* 
nal teopcratort ¥irittioa it the •urfteo*^^*^* ^thoi^h ito rotattoe iMriotf 
with raapaet to tha aun la vary alovt aloiit 120 aarth-dayti tha traiMoioitB 
haat eopoeity of an atiwaphart of COg alooat I(K1 tlaaa aa ianaa aa tha 
aarth*# atnoaphara, Mat not allov aignlf leant tan^aratiira ehangaa* 

0. Mareura Synthatia Mapt of Juptcar'a Radiation Ralta. 

M intarattlng appilcation of aparturi aynthaalt hat raeantly baar- ap» 
pllid to ohtarvatlont of Jupiter, ^though It takaB 12 hourt to aeeuiMilata 

tha data for one map, the planet rotataa In allghtiy laaa than 10 houre. ao It 

la not poitlbla to fully map featuraa at a particular longitude on Jupiter In 
a aingle setslon. To overcowe thla, da Patar^^ obaerved tha planet for 12 
hour* on each of eix iuecesalve days and than performed a maaflva iortlng of 
the data baaed upon the comanaurabtUty of the earth* a and Jupiter *a rotation 
perioda to obtain an identical apatial frequency coverage for leparate mapa 
every 15* in Jovian rotation angle. Figure $ ahowa four of the twenty-four 
auch mapa obtained by thlt procedure at a wavaltngth of 21 cm. 'nte twenty- 

four fraraea have been combined Into a movie ahowlng the rotation of the plan- 

et. In thia caae moat of the emlaalon la aynchrotron radiation from relatlv- 
latic electrons trapped in Jupiter* a mtgnetoaphete and the obaerved changea 
can be attributed to the varying aspect of tha complex magnacic field tdilch we 
view aa the planet rotatta and alao the bunching of partlelae cauaad by Jupi- 
ter's satellites and other conditlona. 

^^Dlckel. J.R,. Warnock. and Medd. ».J. 1968. Nature 220, 1183. 
38lferrl8Qn, D.O. 1969. Science, 163. 815, 

^^de Piter. X, 1980. Aa tron. and Mtrophyi. . 88, 175. 
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tv* Cbnetiidling BMHirkt 

All eh« leandird ctehnlqutt of irt4io ara aaeaaaary for atudylng 

iha May aapaaet of etia planaca and. baeauaa of rlwir ftetillar naforaf aavaral 
addiiional aonatdaraelona Iniooim loporfeane* thalr ¥arleii8 aoetoaa, for axaap- 
plii affaor rha proeadurai adopCad for boeh on<«fl and apareura aynefiaata 
obaarvationa. Iha high prtaauraa found in aoaa planaeary aiaoaphara aignifi- 
^;anUy altar atandard apteeronaerio taehnl<|uaa. 

At aqulpaant iaprovai at allllaatar wavalanf.tha and apareura aynchaaia 
tachniquat hacoaa aora raflnad, aany naw data ahould contlnua to haeoMt avail- 
abla CO halp ua undaratand tha axciting vatitty of objaeta In •ha aolar tyt- 
taa. Sentlclva radloaatry at both cantliaatar and wllUaatar wavalangtha of a 
much larger aample of aataroida and aatallltea ia currently In prograaa and 
planned. Ihia ulll give iia the opportunity to aatabliah alallarlclaa and dlf- 
farencea In characteristics batwean the various classes of objects and see how 
they relate to other bodies. 

Ihe opportunities of aperture synthesis observations are ever expanding. 
1110 recently completed Very large Array of Radio Iblescopas is already being 
used for observations of Venus, Jupiter (its disk, radiation belts, and satel- 
lites), Saturn plus its amazing ring system, litan, Uranus and several aster- 
oids. Plant CO observe Neptune and other lesser bodies are in Che works. 

These observations allow the opportunity of seeing features on Che larger ob- 
jects and recording the actual sizes and shapes of the smaller ones. For ex- 
ample, the observations of Saturn allow us to not only measure the brightness 
changes between Che center of the disk and the edges caused by opacity • 
atmosphere but also to see the absorption by the rings in front of the disk 
and their emission outside. The separete rings can also be recognized. As 
these and similar observations are completed we are becoming eble to charac- 
terize the radio emission from other real and understandable worlds rather 
than mete point sources of emission. 
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John R. Didtol wai born In Niw York anil a4ucatad at Yala (IS In phyalet 
I960) and tha Univeriity of Hlehigan (lh,0. in aatronoay 1964). tii than want 
to the Urtlversity of Xlltnoia wliara ha hat bean on tha faculty of tha Aitrono- 
ray Departwent evar since. Ha began hit rataarch actlvitiat in planetary radio 
attronoray in 1956 while an undergraduate student and continues to work about 
half time in this area. Hit other researcn activities Include radio studies 
qf supernova remnants and tha dynamics of galaxies. He hat obtcrvad exten- 
sively with most of the world's major radio telescopes and hat published over 
75 research papers in professional Journal. Ifc it a member of tha Aaar lean 
Astronomical Society, the international Astronomical ynton» Sigma XI, and 
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l» A ichiWittClc obiBtving pro««dupe foe in nn»off Mtiiuriwint: of Sicuifn’i 
•ililllti Siturn Co rmovi thi iIIbcK nf backgi^nund ridiictcn and ipurloui 
fnponisi from Sicurn ttaalf. the cirelia Indleiti che hilf-powir raiponia 
width of the antenna and the number! next to the track! of the planetary 
motion arc datca In March 1977* 

2. Oeometry of a simple Interferometer with 2 antennas A and B separated by 
distance d. 

3. 'the observed microwave spectrum of the disk of Jupiter compared with 
calculated iiiodels of Juplter'a atmo!pJ\ere for several different abundances of 
ammonia (reference 19). 

A. The variation in the microwave brightness temperature for several differ- 
ent longitudes on Mercury as a function of solar llXumtnatlon (from reference 
25 ) . 

5, The observed microwave spectrum of Venus illustrating absorption by its 
atmosphere at the shortest wavelengths, emission from the planetary surface 
beginning at a wavelength of about 6 cm and then an unexplained decrease in 
brightness at wavelengths longer than about 15 cm (reference 2B). 

6. Maps of the non-tbermal radio emission from Jupiter at a wavelength of 21 
cm. The circle represents the visible disk of the planet. The longitude of 
the observed central meridian of Jupiter is shown in the upper left of each 



itm%* thf Itft hiiKi ildli ihowi fchi totil Inetnilty ini thi rlfhc thiiift th« 
tlreularly pnlirilii •■tlttlnn which varlic a« Wi vitw iht liintlic flili tc 
ilffifine tnclinilinni with JupU«t*t roucion« fh* aolti ciuCcuri cipriitnfc 
righfe-hind tni thi iichai eon^oura Itft-hind polirlittlon (ctfirinci 33). 
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